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Some authors have found that magnitude of response to tone stitruli in skin
e ,,nduetance is unrelated to number of spontaneous fluctuations (Wiloni & Dyk-
man, 1960; Koepke & Pribram, 1966), while others have reported positive corre-
lations between number of spontaneous fluctuations and the mean responsc to
tone stimuli (John.om. 1963). The resp1,.nse to the first tone has been found to be
"eo:eeptional" (Lader. 1964) and significantly more variable than the other re-
s.jwnses (Montagu. 1963). It may be noted that these authors obtained a signifi-
cant negative correlation betweeis the regrMssion coefficient and the calculated
valie of the repolnle to the first tone, indicating that subjects with large initial
r,.-;pons.es had greater habituation.

With respect to mfAsurements of heart rate, the corresponding correlations are
less consistent and not always in the same direction as with measurements of
skin conductance (Johnson, 1963). Later studies have disclosed a conspicuous
di-sociation between number of spontaneous fluctuations for skin conductance
and digital pulse volume. Lader (1965) found that number of !pontancous pulse
volume fluctuations increased during periods of drowsiness induced by cyclobar-
bitone, whereas the number of spontaneous skin conductance fluctuations de-
creaxied. A dissociation between the response trends in skin conductance and in
vasomotor r.sponaes during drowsiness was noted by MeDonald. Johnson. and
llord (1964).

Rhoe-sler, Alexander, and Greenfield (1963) reported an approximately linear
relationship between response magnitude and stimulus intensity both for finger
volume and for skin conductance. Further for finger volume the same authors
(Creenfield, Alexander, & Rocssler, 1963) obtained no relationship between re-
1l,,mwe latency and stimulhus inten.-ity, possibly inlicating a lark of relatin-hiin

between response magnitude and retsponse latency. According to the-e authors
thii is the case also with respect to skin conductance.

It i- obvious that the relationshins frund between different characteri-tirs of
skin conductance cannot be applied to vasomotor activity. The purpose of the
present study was to analyze measures obtained by two different plethysmt-.raphic
temhniques in order to provide a founlation for further investigations of "emn.-
tional stress" in dirital vasomotor activity under condition, of confinotmnt.

Method

Sulijeris
Nineteen soldiers. 19-21 year!, old, served as subjects. Participation was volun-

tary and the S. were paid. They were in grood physical and mental health.

,leasuremeni of Finger V'olume

A pressure transdlucer of capacitor mierophone type (Elema ENIT 329) was
connected to a plastic oneometer cuff via a rigid plastic tube. The cuff was
mounted airtight on the fourth finger of the S's left hand by means of pla.ticine
mixed to five percent with zinc oxide. Rapid pulse deflection" were eliminated in
the recording-a by using a low-pafas electronic filter (3 dB loss at approximately
0.5 liz).

Metvaasurement of Pulse Volume

A pressure transducer of piezoelectric type (Elema EMT 510. m-e Lund. 1964)
was connected to a plastic oneometer cuff via a rigid plastic tube. The cuff was
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Inolinted airtight on the S',4 left Index finger as describld tlove,. The apl,.irattiis
hadl a time constalint of 2 sec 111111 a high frequency limit of ,500 I1. The volumie of
the finger tip inside thle ,mietnteter ciff was measured in niiit by a water dis-
placement method and the size of the finger ntil was measured, as compiarisons
bee•Wt n Ss were planned (Lader, 1967). The size of the finger nails, representing
an inert material, varied from 2.8 to 1.3 percent of the total volume.

Recording Instrument

An ink-writer of Elnquist, fast-response type (Mingograf 81) was used.

Procedure

The Ss came to the laboratory in the afternoon, after their normal duties.
They rested for half an hour in an examination chair in a quiet room, in which
the temperature vark'l between 21.5°C and 23.5*C. The finger temperature of the
Ss, measured by a thermistor device, variud between 21.5°C and 34.8*C at the
heginning of the experiment proper. A constant, faint indirect light was used. The
recording apparatus was kept in an adjoining room, which had a small window
through which the experimenter could observe the S, who was alone in his room
during the recordings. The S's left arm and hand were placed on a soft support
with the arm in a resting position, so that the fingers were on a level with the
sternal angle. Two EKG electrodes were applied to the right ankle.

The procedure was explained to the S, and several deep inspirations were
',raeticed in order to make more reliable the later recording of the digital inspira-
tory vasoconstriction reflex. The recording was then started, after which all
instructions to the S were given from a tape, iccorder via a loud-speaker, with
echo-cffcts eliminated. The 3 main experimental periods reported are: (a) an
initial rest period of 10 min (Period I), (b) a tone stimolation period (Period
II), and (c) a final rest period of 5 min (Period i11).

DMring Period I1 11 sine wave tone stimuli, 1000 IIz, approximately 100 d13
and I see duration, were administered through the loud-speaker. The intervals
between the tones were randomized and varied between 35 and 60 see. Two min
rest iollowed the tone stimulation period, after which the S took 3 distinctly
spa,.ed maximal deep inspirations, followed by another 2 min rest. Then 2 simple
arithmetic tasks were given (13 + 21 and 16 + 33). After another 2 min rest the S
was informed that a short, harmless but painful electric shock was to be given
through the right leg EKO electrodes, tile function of which had! not b•en explained
before, A shock of 4 mA with a duration of 0.4 see was given. Responses and fluetua-
tions in this part of the experiment could not Im' evaluated, due to a marked
vasoconst rict ion. The S was then informed that the experiment prope.r was fini.hird.
but that resting levels in the recording were being obtained and lie was shown
how to relax. After 5 min rest (Period ITT) the continuous recording was terininnad.I.

Quantification ol Results

Fnyner Volunme

Ay ,l,servabhm decrease of finger volume occurring between 1.6 and I0 see
from the onsct of each tone stimulus was considered as a response. Decreases
within 1.r see were disregarded. Regarding this response latency criterion, see
Stewart, Stern, Winokiur, and Fredman, 1961. The response was quantified as the
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difference, in mm of pen deflection, between the maximal deficction and the mean
level during the 10 Lee preceding the stimulus. This value was then corrected for
amplification and the volume of finger tip inserted into the cuff. Eadli res-ponse
was expressed as a percentage of the mean response to 3 maximal deep inspira-
tions which was used as an e*tim-ate of the individual maximal response.1 This
was made in order to correct for the individual differences in range of response
(ef. Paintal, 1951; Lykken, Rose, Luther, & Maley, 1968).

The mean response to all tones, the response to the first tone, and the sum of
the first 3 responses are reported. The response to the first tone is of interest as
startle response (see Lader & Wing, 0966, p. 11). The sum of the first 3 responses
was used as an ,mtimate of initial responsivity.

Response latency was measured as the time from the onset of the stimuli to an
observable decrease of volume.

A spontaneous fluctuation was considered to have occurred if there was a
deviation of the curve similar in shape to that obtained in response to a known
stimulus and within the range of the individual's responses to auditory stimuli.
For the response to be included the effects of an -&rlier respon-e had to have
subsided. Thus, large, slaw variations in the curve were not counted a, .- ponta-
neous fluctua'ions. The retest reliability with an interval of one month was .96
for this measure.

Pulse Volume

Any observable decrease of the pulse volume occurring between 1.6 and 10 see
from the onset of a tone stimulus was considered as a response. Changes oecus-
ring within 1.5 see were disregarded (response latency criterion).

The responses were quantified as the difference, in mm pen deflection, between
the mean of the 3 smallest consecutive deSertions during the '1.0 see preceding the
stimulus, and the mean of the 3 smallest deflections during the 10 sec following
the stimulus. The differ.nee was espressed as a percentage of the mean of the 3
smallest deflections during the 10 see preceding the stimulus. This method of
quantifying a response gives a fair approximation to the differential iozarithmic
method used by Lader (1965).

The mean response to all tones, the response to the firt 'one, and the stum of the
first 3 response are reported.

Rerponse latency was measured as the time from onset of the stimulus to an
olbervable decrease in the amplitude of the pulse volume deflections.

Pulse volume amplitude during Periods I and ill was sampled at intervals of
30 sec anti expressed a, the mean pulse volume.

Pulse volume reaction to the announcement of an arithmetic task (mental task
response) was measured as the difference between th. mean of the 3 consecutive
pulse volume deflection., occurring immediately before the instruction, and the
mean of the 3 smallest pulse volume deflections after the instruction, but before
the answer was given. The difference was expressed as a percentage of the mean
of the 3 pul-e volume deflections occurring immediately before the instraction.

A spontaneous $luctuwtion was counted when a decrease in amplitude of at
least 30 percent of the prestimulu4 ninplitude took place within a period of 4 see.
Thus, only fluetuatons in amplitude .imilar to repon.es to auditor. stimuli were
taken into account. Thi- criterion was deemed necet'sarv in view of the baseline
fluctuations occurring with the time-constant u•ed (2 •ce).

'I .uand. F. Peronal conimuti-ation. IMr
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To avoid counting doub'e-responses, an additional criterion was that the me-
dian of the 3 smallest consecutive beats within 8 see after the start of the
amplitude decrease should not be larger than 70 percent of the median of the 3
smallest beats within 10 see before the decrease. The retest reliability with an
interval of one month was .97 for this measure. The interjudge reliability was
.84.

For lpulse volume (as well as finger volume) spontaneous fluctuations were
cotuted during Periods I, II, and 1II. In the stimulation period, such fluctuation-
were counted in the 1.6 sec period after the on-et of the tone as well as after a
re-lon-ýc had subsided.

When comparing the number of spontaneous fluctuations during the 3 periods,
a correction factor was used to make up for differences in time during the 3
periods. This factor was 1.00 for Period I, 1•.3 for Period II, and 2.00 for Period
'I.

Hlanbituation

For both finger and pulse volume, habituation of responses was estimated by
the Kendall rank correlation coefficient tau (Kendall, 1962; Levander, Lidberg,
& S-,alling, 196.9). Positive values correspown to decrem-ing size of responses.

The means of the resplonse both in finger and pulse volume s' owed a linear
relation.dhip against log stimulus number in our data. The method of estinmating
halhitt:,tion ,i.wl by Montagm (1963) w,4 therefore also: applied. Acting on the
-,tigj.esti(,n by Lader (1964), Montagu uied a correction in order to remove the
,hepenene of th.e regres-sion line on the intcrrept (aW of the Y-axis. Thi.s rowrerteu
ri.gre-iomi coefliienit 4W) waA regarded as an estinate of the al"shite rate (if
habiituatiion.

Reodllo and Discuftion

lProorh,.t moment comrlation coefficients were eomputeml between the Eliff-.rent
mea-tire: obtained. The pattern of reultt. wa' c'.entially the s'ame when rank
correlations were comlpted.

Fingeor Volantm

Size of Recsponse. As seen from Table 1, significant positive correlations were
obt:utied among the various response size meas-::re,. Of emir.-c these measurts
have -ome common variance.

TARLI: I
IProiliw momiuil ('wflr~laSi amoag Sty jfngr robame r.'riahlvi

S. . ... Ilral~ Z S 4 S

1. Me:l rI.pl* .e to :ll t,,h .s II f I
2. l:.".M4 w.-L•e toIi ist lithle II .. ,9 " -

:1. .um -f the first :1 rM.sl,.tscS to toP.EA Ii .:57" .S7"
4. Ma.:.ta reslo,,ii'Wt h.ttellty II -i.01 t.i l -
I . SIH.jIat:kl tt'HL4 1tM lutl,.tliOIL- I --. i. --.. ; .3:0 .P) -1;. $pi ',I nt II'us IIA duo lr 'tL4ti , !1 --.. •I ]-- :L• l 'i'.m . s'2* -

7. .qlo t:2mKu" s 115lietiiati-t-l4 !11 .W -. 1 i --.1--.4 'i .74*" .4;3*"

p < .115 (.41.
""p < .01l (.54).
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TABLE, 2

New'lin rind mrftlrd dt riatiotns of sponmtif ouR flvtuation.mi duringJ Il'rionix 1, II. aittd III, and

dviftrrcners hrtirre n the plirio#ni for 1t; xubijvrds for whi t 'oinpli 14- retordinvji it# till ." rijCIs

Irrer obtainrvd

Finger Volume PuLt- Volume
Per~lJ'eri.,.h ____ _______J--- -*-------s

MSN Mean SDs

1 i 6.13 4.37 .I.3M 3.28
! 5.; 4..5' 3 4.'0 4.29

Il! I 7.:s) 5.62 4. 2.5
1.. -0.50 2.462 2.;A

l-11 -- 1 .S 5.40 -0.05' 3.74
1-!Il -!.37, 3. 16 -0.12 2.73

Response Latency. Response latency showed no significant correlations with
the response size nicasures (Table 1). There was a significant negative corrcla-
tion between response latency and the number of spontaneous fluctuations during
Periods I and Ii. This is in line with findings for skin conductance (Lacey &
Lacey, 1958; Sternbach, 1960; Koepke & Pribram, 1966).

Spontaneous Fluctuations. The mean numbers of spontaneous fluctuation- dur-
ing Periods 1, 11, and Il1 are shown in Table 2. (As fluctuations in pulse volume
could not be evaluated for 3 Si, due to a marked vasoconstriction. the computa-
tions were based on recordings from the 16 Ss for whom evaluation was po-4ible
during all 3 periods for both methods.) There were significantly more sponta-
neous fluctuations during the final rest period than during the stimulation period
(p < .01). It is worth noting that no increase was induced by the tone stimula-
tion, ns has been found for skin conductance (e.g. by Lader & Wing, 1966ý. The
number of spontaneous fluctuations during the stimulation peridl was even some-
what lower than in the rest periods.

The correlations between the number of spontaneous fluctuations during Peri-
od<ls 1. 11, and III were highly significant (Table 1).

Pulse Volume

Size of Response. As seen from Table 3, significant po!.itive intercorrelations.
were obtained among the variotus response size measures, with the exception that
the response to the t'rt tone was not significantly correlated with mean response
to all tones.

The decrease in pulse volume occurring betneen the presentation of the first
arithmetic task and the S*s answer showed no significant correlation with other
rcsponse size measures. (The vauncon.triction accompanying this answer per-
sisted too long to make it lposible to evaluate the response to the second arith-
metic tazk presentation.) This lack of correlation between pulse volume response
to a slight mental stre-sor like the arithmetic task and responses to tone stimuli
is notable.

Rc.sponse Latency. There were no significant correlations between response
latency and the other nitle volume measures (Table 3).

The response laten'y increased toward the end of the stimulation period. The
difference between the mcan" of response latencies for the first 5 and the last 5
responses was significant (t = 3.67, p < .01). This is in accordance with what
has been reported for skin conductanre (Koepkc & Pribram, 1966).
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TAIILI 3
Proviue pinoptenio eorrebdtiona arronle the peilar ruin,,, reiriablrs

Periods _ _ _ _ _ _ __

Variables 4_ 6 7 8 9

1. Mean responmc to all
tofleI If -

2. Rlesponse to fir.41 tone if .21 -

3. Stine of iI lie irst 3 re~-
,iponiNe'i lot toines If .480 .7200 -

4. Mean re~pioIUW in-I
tcnacy if ASN .10 -. 22 -

5. Menatal task respose 11 - .20 - .19 - .21 - .23 -

0. Spontaneouis fluetut.o
tions 1 .13 -. 24 -. MP - .28 .05 -

7. Srwfitzaneous fluctua-
tins11 -. 02 -. 29 -. 15 -. 17-.16 .8600 -

8. Spontaneous fluctiua- I
tionms 111 -. 01 .540 .02 -. 21 .07, .-W* .07"' -

9. Amiplitude samplinx 1 .45 .21 .43 .2.8 .21 - 22 0- .27-
10. Amplitude emnmpling 111 .41 .17 .460. .03 0 :O1- .2 -:W .4-.25 .S90

p < M0. (.44).
p < .01 (.56).

Spontaneous Fluctuations. There were no significant differences between the
mean number of spontaneous fluctuations during Periods 1, 11, and III (Table 2).
The correlations between the number of spontaneous fluctuations in the 3 periods
were highly significant (Table 3).

Amplitude Samplings. 'There were highly significant positive correlations be-
tweet, the mean pulse volume amplitude during the 2 rest periods (Table 3). The
correlations between the amplitude samplings and the response size measures
were positive, as might be expected, and were significant or nearly significant
except for the response to the first tone. The amplitude samplings were neza-
tively although as a rule not significantly correlated with the number of spont&-
neoux fluctuations.

Differetiees Hetween Pulse Volume and Fin.ger Volumme
From our results, it appears that the response to the fir.t tone in finger volume

is related to the general respocnsivity as estimated by the mean response to anll
tones, whereas' this is not the case for pulse volume. In contrast to finger volume,
there was an increasing response latency during auditory stimulation for pulste
volumne (cf. Lcvander et al., 1969). Respionse latency in finger vorluime, Wit not
in puilse voluime, tended to be shorter in Ss with manky spontaneous fluwtuat ions.

There was a tendlency for Ss with many topoontaneous fluctuations in finger
voluime (luring the first 2 periods to have lower response size. This is in accord-
aince with the findings of Alexander, Rtoessler, andl Greenfield (1063), although
their resuilts are not directly comparable with ourts, as they studied both the
amnlitilde and[ the different frequency ranges of Ppontaneou~s fluictuationst. The
correspondling correlations for pulse volume were also negative although much
lower, except that the response to the first tone wa significantly positively
correlatedl with spontanerous fluctuations in the final rest period. The interpreta-
tion of thinz reversal of dhirection in the correlation in this cmae is not clear.
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Sinmilarities Ilehiean Fingper anti Pulse Volume

The -uni of responses to the first 3 tone" was related to the mean rebJ~onsc to
till tunes for boti ringer and pulse volume, which indicates that. tile $6 tend to
keel) their relative positions in reoponsivity established curly in the tonle series.
The v'ariability of the first response for both finger and pulse volume did not
dliffer Aignificantly from the variability of the other responses, contrary to what.
has been reported for skin conductance by Montagu (1963).

Res.ponse latency showed no significant correlations to res-ponse size measures
eit her for finger or pulse volume, which is in line with the assumnption stated above,
lILIwv-4 on results bly Greenfield et, at. (1963). Comparisons between responxic latency
for finger anti pulse volumes respectively are subject to oystematic errors due to
the different time constant in the recording systems (see Levandler et al.. 1969).

Trhere were as a rule no significant correlations between spontaneous fluctua-
tions and the various response size measures. In contrast to what has been
reported for skin conductance, especially with regard to initial responsivity, thle
(lireetion of thle correlations was consistently negative, indicating a tendency for
indlivi(Italos with many spontaneous fluctuations to have low response size. No
relatiowhshipti were obtained between habituation and spontaneous fluctu.txtions
(liee below).

'rite findlings are of interest in view of the auumption by Lader (1965) tLat
thle ppsyehological meaning of vasomotor spontaneous fluctuations is differett
fromi that of skin conductance fluctuations.

In accordance with what has been reported for skin conductance by Johnion
(1963) nnd for pulse volume byv Lader (M96), the number of spontaneous dluc-
ttiations both for finger and pulse volume in the present data were highly coons-
latel (lduring the 3 experimental perkioss. indicating a milderate to hsigh reliability
for thio meabure.

H~abiftuation

'rite tau e-timates of habituation were significant for both finger AMd ulxse
volume respon"e (Levander et al., 1969). Both for finger volume and pulse
volirne, significant intercorrelatioij were obtained among the three habituation
estituntes (finger volume: tau with b. -. 91; tau with bW, -. 74; b with bW, .85, all
p < .01 - pulse volume: tau with b, -. 65: b with W?, .56, both p < B11), with the
Aingle exreption of the correlation between tau and W' for pulse volume (-.l11).

For finger volume, the habituation estimates were not consit-tently correlated
with other measures (Table 4). For puilse volume, in line wilh findings for skin
coflultICanee. bripituation wax greater in &t with high initial responsivity a~s
estimated by the response to the first tone and the sPam of the first 3 responses
(Table 4 1. There were highly significant correlationis between bW, the habituation
estimante in which correction for initial level was made, and the mean response to
all tonies as, well as thle amplitudle -aniplings. indicating. that %. with large
response .ize nnd those with large pulse volumor amplitiule tended to show Plow

habitinittion.
Lit rge aniplitudlo was, alsgo relatedl to ther tau estimate of habitsmation.
There were no significant correlation!, between number of spontaneous4 fluctua-

tions and habituation. regardilesAs of habituation estimate~s used, in contrast to
what hgiv- been consistenitly foundl for skin conducutance OMundly-Castle & Kiever,
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TABLEI.1

Produt inomritt rorrrhltionjtm l,rt-rn the hrte h'gthlitn,(ton e, int,.ro (ttmu, I, and b') tend other
raridblyrs (rcspionstr mrasurcs, spontant..l /ttr.tdntions. lind a itptptltkit santpli[gpe)

Grrtrler halitultn is indicated by ponitire raluhs on ytsii and ntuatire- rlucs of, b and W'

Cor.-lu1
1 oa. with IhlawtuuLoue EVoimat",

Vp•,l, "e 'r
'N. Per- Finger Volhume N1-6 V.-uNo

!, Mean rt,. -ge to all tone's if '-." .5 .. 9"( .13 .05i .91"
? Iclsponsie to first, tone I I .21 - .! --. 11 ..' V4 - .09
3. Stlim 4f the firmt3 response's to tone" II I . .39 . . - .t" .31
4..Mean responwe lateney It -. .3 .1.1 --. 21 1 .19 -. 16
0. stlolitarioliwher liuationis - ~ I-.13 --6. toitanioi fluc-tuation"l I I--.0" -. Ig -. 1 --.-0Y 1 .14 -. 21

7. Spolintaneouanhs flewtionim' III i -. 17 -. 12 -. 01. .12 M
8. Amlplitudlesanmnpling - - - .4: - .:1
to. Aiplitudem sllnli !11 -- -- -- .41 .12r .4:'

S p < .0r (.44).
"p < .01 (45'0).

195.3; Koepke & Pribram. 19W6) antd for vasomotor activity (Stern, 1966). Themr
wag fit) significant norrelation between the calculated a-valtw and thi l.-wn're.

The estimatio, of habituation by rank eorlPtion methodis, such as the Wil-
coxon test (Dr.vis, Iluchwahl. k Vmankmann. 1%.i5) or by means of Kentlall's
tatu, greatly depends on the "smoothness" of the conw.citivc deerease in re-
sprudes. This coefficient includes in itself not only the slope of an A..sumed
regression curve, but aloo deviationg of rer-lJies froin the reTesion curve. One
single exceptional reiponse tan thus have a great influence on the value of this
habituiation estimiate even if all other responses are mnonotonously ileen.ihing with
increasing stinmulus number. However, when using the slope of the regre-,ion line
(responses on log 4tinulus numbers) as an estimate of habituation, a lin'.arity is
assumed that ahnost exclusively occurs in large pooled samples (Montsigu. 1963).

Correction of the b--core for the Y-axis intercept hap mostly Ib-en done on the
basis of the finding of a high correlation between the first response (al and thle
coefficient of regression of the responses. However, in the present data no signifi-
cant correlation v:as obtained. The b,--qore gives a leps reliable mea'sure, when the
slope of the regression line is steep. #iue to a smller number of anchoring points
for the regression line. The criterion of o-n-repiqrnsep often ns.ed a4 an ev titnate
of habituation in skin conduietance i4 1--o appropriate for vasomotor ieae-ures. as
resp1wotses tend to renplpcar after a eries tf nn-resluones (Ilatie, 19M8).

Thus, the estimation of habituation offers great problems, and cotnpnairons
between estinintes in different autonomic syotetnm. are qrietionable.
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